Abstract: This study measures the effects of digitalization related to Information and Communication Technologies (ICT) investment on employment and other economic variables according to firms' ownership. We present two computable general equilibrium models (with full employment and with unemployment) which differentiate two types of firms: National and foreign multinationals (MNEs). Both types of firms allow for the substitution between labour and ICT capital. We conclude that ICT investments significantly create jobs and raise real wages, GDP and welfare. The aggregate positive effects are stronger for ICT investment in national firms than in foreign MNEs although the sign of some sectoral effects can be negative. We also analyze the role of wage flexibility in this context, with the most favorable results related to scenarios where wages are more rigid for both cases, when investors are national firms or foreign MNEs. The model is applied to the case of Spain, a country with a high unemployment rate where ICT investment has been large since the mid 1990s.
Introduction
The emergence of the digital economy and Information and Communication Technologies (ICT) involves one of the breakthroughs in recent times. It affects a wide variety of spheres ranging from public sector and firms' operations, as well as individuals' ways of life. For example, there were an estimated 7.3 billion mobilecellular subscriptions globally in 2016, with 3.5 billion people using the internet, of which 2.5 billion were from developing countries (World Bank 2017) .
In this paper, the digitalization refers to the use of ICT for the production of goods and services. Research has shown that the spread of ICT in firms' operations is associated with economic benefits as higher productivity and lower costs (Czernich et al. 2011; Katz/Koutroumpis 2013) . Besides the benefits, the transition towards a digital economy can involve the substitution of labour by ICT, and also the complementarity between labour and digital capital for new production processes. The debate on the interaction between this kind of automation and skilled and unskilled employment has been present during last decades, as Mokyr et al. (2015) or Autor (2015) present in a historical perspective.
Literature is wide on digitalization consequences on labour markets (see, for example, Acemoglu/Autor (2010) or the report by the World Trade Organization (2017: 76-103) for a survey). The empirical evidence is extensive in measuring effects according to sectors of production, labour qualifications, tasks, types of ICT investments, general vs partial equilibrium, etc. Nevertheless, it is scarce in measuring the role of firms' ownership. The aim of this article is to measure in isolation the different effects of digitalization according to firms' ownership (i. e. national firms and foreign multinationals (MNEs)). We perform this analysis in a general equilibrium framework with perfect and imperfect labour markets and allowing the substitution between labour and ICT capital for both types of firms. For that purpose, we study the Spanish case with these two types of firms which have different cost structures within each sector of the economy. The high unemployment rate in the Spanish economy is relevant in order to simulate the potential complementarity of labour with digital capital and not only the substitution effect in a general equilibrium framework.
We thus will use a computable general equilibrium (CGE) model which considers the presence of multinationals to measure the impact of investment flows linked to ICT. The use of this methodology allows us to consider sectoral (or microeconomic) effects together with the overall outcomes at the macroeconomic level in a unified framework. This is important since productivity may displace workers in some sectors, but spillovers related to final demand through lower goods prices and income effects due to changes in factor rents can improve it in some sectors (as noted by Gregory et al. (2016) ). Thus, an economy-wide coverage of the impact of digitalization seems in order to assess its general equilibrium impact and not many CGEs have included the presence of multinationals, (see Latorre 2009 , for a review).
A general equilibrium framework is appropriate because technological progress may have ambiguous effects on aggregate employment, but affect the employment sectoral composition. Higher productivity could arguably reduce jobs. The same can be said about the presence of the rather capitalintensive technologies of foreign MNEs. The latter have been found to be more capital intensive than national firms operating in the same sector (e. g. Latorre/Gómez-Plana 2011) . Their capital-intensive technologies could also reduce labour demand when more investment inflows come in. For that reason, the paper presents the economic effects from digital investment according to the ownership of the firms: national or foreign. We extend the model of Gómez-Plana/Latorre (2014), using several assumptions about wage rigidity (with unemployment), as well as a full labour employment scenario in order to offer a rich assessment of possible labour market effects. We aim at offering evidence on this under researched area of CGE evaluations of the impact of ICT.
The rest of the paper is organized as follows. The next section offers an overview of the recent evolution of ICT investment inflows. In Section 3 we explain the model, while Section 4 explains the calibration and data sources. The description of the simulations and macro and microeconomic results are discussed in the next two sections. Section 7 develops a sensitivity analysis of the results. The main conclusions close the paper. There are also two Appendixes. The first one fully describes the equations, variables and parameters of the model. Sectoral definitions and correspondences across the different classifications used are available in the second one.
ICT investment in the Spanish economy
We present an overview of the ICT investment in Spain in the context of total investment or Gross Fixed Capital Formation (GFCF). For an approach to investment in the Spanish economy, see Mas et al. (2015) and Serrano et al. (2017) . They estimate a time series for the investment flows and stocks for Spain (see Section 4 for a description). The database covers from 1964 to 2014 distinguishing between 18 investment assets at aggregate and sectoral level.
The evolution of Spanish aggregate GFCF from 1965 to mid-1990s has two different phases. From 1960s to 1984 the GFCF remained stable and even had a light decrease, but it followed a period of GFCF expansion from mid 1980s to early 1990s. The recession that affected the Spanish economy between 1992 and 1993 depressed GFCF, and it was followed by an intense expansion until 2007 (with the exception of year 2000, influenced by the Dot-Com bubble). During this long expansion, the GFCF growth rate was closer to the most dynamic Asian countries than to the Western countries rates. 1 In 2007, the peak of the times series, GFCF was 30.7 % of GDP, and it was 24 % on average for the time interval 1964-2014. The Great Recession lowered this ratio, basically for the sinking of dwellings and other construction. The focus in this paper is the digital capital that is suitable to replace labour in the short and medium term. This includes several types of GFCF assets as investments in ICT (Office equipment and hardware, Communications, Software), Machinery and mechanic equipment and, to a certain extent and Intangible assets (see below). Figure 1 shows the change in the real Net Capital Stock 2 for those assets since 1995. It also incorporates the Total GFCF. As explained above, the aggregate GFCF evolution in Spain had its relevant momentum at mid-1990s but not before, and the same can be said on ICT investments. Hence, Figure 1 shows that the most relevant growth rates have been in ICT assets and Other intangible assets. (Mas et al. 2013) .
2 Net Capital Stock is the stock of assets surviving from past periods, corrected for depreciation (OECD 2009 ).
The empirical research presented below has its benchmark in 2005 and simulates the change in digital capital for the period 2005 to 2014. This includes the Great Recession, which had a very relevant effect on GFCF. Nevertheless, as displayed in Figure 2 , it is noteworthy that while Total GFCF grew 21 %, Communications growth had a 96.2 % rate, Office equipment and hardware grew 68.3 %, Software 45.3 % and Other intangible assets 64.4 %. Hence, the most dynamic side of investment during the crisis was related to digital capital.
The sectoral effect is reflected in Table 1 . As shown in column 7, most of the 25 sectors (except 4) show a positive 2005-2014 change in the ICT Net Capital Stock. Three of the sectors with a negative change in ICT investment are the most depressed sectors during the Great Recession: Construction (−29.83 %), Financial intermediation and Activities auxiliary to financial intermediation (−5.50 %). The other one is Electronics (−17.67 %). It is noticeable that manufactures had lower positive growth rates than services. The share of ICT assets on Total Capital Stock (column 3) has a wide sectoral variance: from 0.04 % in Real estate activities, to 34.23 % in Computer and related activities. Our approach introduces ICT as investments in the economy, although the ICT current expenditure is also considered as intermediates used across sectors. Corrado et al. (2016) illustrate the importance of this approach when they explain that identifying ICT with intermediates alone underestimates the contribution of ICT to productivity and growth. This arises from the fact that GDP, which is the sum of value added generated across sectors, is calculated subtracting intermediates from production values. By contrast, if we consider ICT as investments, it will contribute to the GDP of the economy since it is capital additional to the benchmark capital endowment. One of the problems to evaluate the impact of ICT is the lack of good measures of its evolution. Again, this is illustrated more broadly for the concept of intangibles by Haskel/Westlake (2017) . They note that some investment in intangibles does "not appear in company balance sheets and national accounts because accountants and statisticians tend not to count intangible spending as an investment, but rather as day-today expenses" (p. 240). While there are markets in which prices of tangibles can be proxied, "there is no market where you can see the raw value of (…) investment in developing better software or redesigning its user interface" (p. 8). Furthermore, they emphasize the nature of intangible investments differs considerably from the one of tangible investments.
The model
The two models in this paper extend an earlier contribution on this methodology (Gómez-Plana/Latorre 2014). One represents full employment and the other includes unemployment. They are static CGE models describing an open economy, disaggregated in 25 productive sectors, one representative consumer, the public sector and a foreign sector representing the rest of the world. The main extensions with respect to standard CGE models (see, e. g. Shoven/Whalley 1992; Dixon/Jorgenson 2013; or Burfisher 2016) are: (i) specific capital in several levels as a factor of production; (ii) ICT capital is detached from other capital (hereafter named non-ICT capital) in the production function; (iii) the modelling of the foreign MNEs, whose use of primary factors and intermediate inputs differ from national corporations; and (iv) unlike the common assumption of full employment in the labour market (used in one version of the model), another model includes unemployment in a way derived from wage curve models (Blanchflower/Oswald 1990 , 1994 , due to the high unemployment rate registered in the Spanish economy. In addition, the choice of the productive sectors represented in the model has been the result of a careful selection.
In the rest of this section we provide a short description of the model. The full set of equations, together with the complete list of the endogenous and exogenous variables and parameters of the model, are shown in the Appendix 1.
Equilibrium conditions
The equilibrium of the model is defined by a set of prices and an allocation of goods and factors. It involves the simultaneous solution of three sets of equations: -Zero-profit conditions. -Market clearing in goods and factor markets. One version of the model includes labour unemployment and another version assumes full labour employment. -Constraints on disposable income (i. e. total revenue must equal total expenditure), labour market (in the model that includes unemployment), public sector constraints, and macroeconomic closure of the model.
Firms and production
Production is based on a technology characterized by a nested structure of intermediate inputs, several types of capital and labour. The firms' decision problem is to maximise profits subject to the technology constraints, obtaining the unit cost functions, which are further used in the zero-profit conditions. In turn, the demands for factors and intermediate inputs are obtained from Shephard's lemma on cost functions, and then used in the market-clearing equations. Firms show constant returns to scale in their technologies and fix a competitive pricing rule, with free entry and exit of firms. Figure 3 shows the nested structure of firms' technology in sector i. This is a three-level technology. The first nest is a Leontief function over intermediate inputs and a composite of labour and capital, where several types of indirect taxes can be levied on intermediate inputs. The second nest is a CES function representing a composite over non-ICT capital and an aggregate of labour and ICT capital. The third nesting level is a CES between ICT capital and labour, where social contributions are levied on labour. The capital belonging to national firms is different from the foreign MNEs' capital.
However, note that within each sector there are two different varieties of the same good: a national variety produced by national firms and a foreign one produced by foreign MNEs. The price of these two varieties can differ because their costs of production vary between national firms and foreign MNEs of the same sector. Thus, we abandon the equal-costs assumption for national firms and foreign MNEs across sectors, which is present in most of the CGEs including MNEs 3 (e. g. Petri/Plummer 2016; Ciuriak et al. 2016 ).
In our case, the intermediate input mix is the same between both types of firms within the same sector, but their labour and capital use is different. Hence, in our model, we split sectors into the two types of firms, using real data on the shares of production, labour and capital displayed at Table 2 . As result, the cost structure differs between national firms and foreign MNEs in each sector.
Representative household and consumption
There is a representative consumer household that behaves as a rational consumer. The level of consumer's welfare is determined by the endowments of capital and labour jointly with exogenous net transfers paid by the public sector. 3 Introducing differences in costs based on real data is not common since it poses at least three challenges to an already complex modelling exercise: 1) As explained by Tarr (2013) , the algorithm to solve the model may not properly converge. That is why some CGE models use more stylized cost structures (e. g. Latorre/Yonezawa 2018; Latorre 2016) . 2) Lack of data: the detailed information needed is only available for some European countries, for Japan and, in general, with less sectoral detail for the US. To the best of our knowledge the most detailed differentiation has been undertaken by Latorre/Hosoe (2016) . They not only differentiate between contributions to production, labor and capital intensity, as we do within each sector, but also include differences in the share of imported intermediates and export orientation. 3) Not all general equilibrium available software allow to model increases in capital across particular individual sectors.
Digitalization, Multinationals
The fixed endowment of labour should be interpreted as a maximum supply of labour since leisure (and unemployment in some versions of the model) is assumed to be endogenous. Hence, labour supply would be elastic up to the endowment constraint. The fixed endowment of capital is supplied to all sectors except to Public services, which only utilizes public fixed capital consumption. The household's decision problem consists of choosing an optimal consumption bundle, by maximizing a nested utility function subject to the budget constraint. As shown in Figure 4 , preferences are represented by a nested utility function on (consumption of) goods, leisure and savings. Notice that, given our static approach, we consider a unit elasticity of substitution between savings and (consumption of) goods (Howe 1975) , so that savings can be interpreted as the purchase of bonds for future consumption. The representative consumer buys all the final consumption goods, but the good from sector Public services. Goods can be subject to several types of indirect taxes. The budget constraint includes total factor rents, including all the capital income for MNEs, jointly with exogenous net transfers paid by the public sector. Demand functions for goods, leisure and savings are derived from the first-order conditions and are included in the goods and factor markets equations, as well as in the macroeconomic closure for savings.
Public sector
The role of the public sector in the model is twofold, i. e. it is an owner of resources (e. g. from its capital endowment and tax revenues), and a purchaser of certain goods. We deal with these two functions in turn.
As an owner of resources, public sector's wealth includes income from capital rents, tax revenues, and net transfers from the representative household. Capital rents of the public sector include, by definition (see Eurostat 2013) , the fixed capital consumption because the net operating surplus is zero for the public sector. The fixed capital consumption has been assigned to sectors Other services and Public services. All capital in Public services is owned by the public sector, whereas in Other services some capital is publicly owned and the rest is private, according to National Accounts data (see Section 4). Taxes Digitalization, Multinationals consist of social contributions paid by both employers and employees and net indirect taxes. All of them have been modelled using actual ad valorem rates calibrated from benchmark data, with an endogenous revenue level. The rest of taxes have been modelled as exogenous.
The public sector also enters the model as a purchaser of goods. Public sector expenditure includes both market (i. e. output that is disposed of in the market at economically significant prices) and non-market goods (i. e. output that is provided at prices that are not economically significant).
Foreign sector
The model incorporates the small open economy assumption, meaning that the country faces a perfectly elastic export supply function. There is also a constant elasticity of transformation function between national and foreign sales. Regarding imports, we assume that goods are differentiated according to their origin (i. e. national or foreign), following Armington's assumption (Armington 1969) , which allows for the possibility of intra-industry trade despite the assumption of exogenous world prices.
The foreign sector is closed by assuming that the difference between receipts and payments from the rest of the world is exogenous. This constraint would avoid, e. g. a permanent increase in exports with no change in imports, an unlikely scenario since it would involve an unlimited capital inflow to the country. However, this requires a matching movement in trade flows.
Factor markets
Two factors enter into the model: capital and labour. Regarding capital, both the private and the public sector own fixed endowments. Capital rents adjust to clear the national capital market, under the assumptions of capital international immobility, and no mobility across national sectors nor types of firms. Capital is specific in three levels, i. e. each sector employs different specific capital, and capital is also differentiated according to ownership (i. e. national and foreign) and type of assets (ICT and non-ICT).
The only owner of labour is the representative household. The demand for leisure is derived from the household's optimization problem. Hence, labour supply (i. e. the labour endowment less the demand for leisure) would be elastic up to the fixed amount of labour. Labour is assumed to be internationally immobile, but mobile across national sectors.
There are two versions of the model with respect to labour. The first one is the standard perfect competition labour market. In addition, we assume a second version based on the wage equation (Blanchflower/Oswald 1990 , 1994 . It has been used in CGE models; see, e. g. Rutherford et al. (2002) . Accordingly, the model includes the following constraint:
where W/CPI denotes the real wage, U is the unemployment rate, U0 is the unemployment rate in the benchmark, and β is a nonnegative parameter that measures the sensitivity of real wages to the rate of unemployment. Thus, as β approaches infinity, the real wage approaches its benchmark value (which is 1 according to the calibration process explained below): this is the case of rigid real wages when wages do not change when unemployment does. At the other extreme, as β approaches zero, the unemployment rate approaches its benchmark value, with real wages being flexible. Other intermediate values for β would mean different flexibility levels of real wages to the unemployment rate.
Macroeconomic closure
Total investment is split into sectoral gross capital formation using a fixedcoefficients Leontief structure (Dervis et al. 1981) . Notice that, in our static framework, total gross capital formation affects the economy as a component of final demand. The model embodies a macroeconomic closure equation stating that investment and savings (private, public, and foreign) are equal. Finally, the model is solved as explained in Rutherford (1999) , with the general equilibrium model defined as a mixed complementarity problem (see Mathiesen 1985) . The software used in the empirical application is GAMS/ MPSGE.
Calibration and data
The model has been calibrated using Spanish data. The calibration method is based on a benchmark equilibrium corresponding to the National Accounts, MNEs data, GFCF data and a set of exogenous parameters. A detailed explanation of the calibration method can be found in Mansur/Whalley (1984) and Dawkins et al. (2001 Table 1 . The source data to estimate the different production variables for national firms and foreign MNEs comes from Eurostat (2012), Instituto Nacional de Estadística (2013) and OECD (2013) . Results are displayed in Table 2 .
The source for estimations of ICT and non-ICT capital and the changes in investment is Fundación BBVA (2017). Its methodology is described in Serrano et al. (2017) and OECD (2009) . This database is also used by the project EU KLEMS or by OECD (Structural Analysis Database, STAN; Productivity Database, PDB; Productivity Database by Industry, PDBi). It uses GCFC provided by the Spanish National Statistics Institute, and measures investment with specific price indexes for each investment asset. Year 2005 is taken for the benchmark equilibrium. We calculate the growth in ICT capital from 2005 data to the most recent year (i. e. 2014) for the growth in ICT capital. The sectoral ICT investment assets have been adapted to our sectoral classification, shown in Appendix 2, and they includes Office equipment and hardware, Communications and Software. The variable to proxy capital endowment is the Net Capital Stock.
The choice of elasticities plays a key role in the model and for that reason there is a sensitivity analysis of the results in Section 7. The benchmark values for those elasticities are: -Elasticities of substitution in the welfare function:
-between consumption and savings: 1.
-between final consumption and leisure: 1.
-across final consumption goods: 1. de Melo/Tarr (1992) for the elasticities of transformation; and the elasticity of substitution between consumption and leisure is consistent with the survey by Ballard/Kang (2003) . The rest of values are common in the literature.
Simulations
We simulate the entry of ICT investment in the Spanish economy departing from a calibrated equilibrium for the year 2005. There are two types of simulations: (a) National firms are responsible for all the new ICT investment; (b) foreign MNEs are responsible for all the new ICT investment. There is no data to divide the ICT investments according to firms' ownership. For that reason, we take these two extreme simulations. The size of the shock is modelled in two ways: (1) The shock includes the real change in ICT assets between 2005 and 2014, as reflected in column 7 at Table 1 ; (2) the shock is a 1 % increase across sectors in ICT Capital Stock.
The previous simulations will allow to weight the role of the two types of firms according to ownership. Key points in the simulation are the roles of the high unemployment rate and the wage flexibility when the investment becomes part of the capital of the sectors. Hence, the results try to show the effects of ICT investment on macro and microeconomic variables isolated from other changes that took place at the same time.
Definition of scenarios
Simulations have been performed under six labour market scenarios, where the first five involve a labour market with unemployment, and the last one displays a perfect competition labour market. Specifically, these scenarios are:
(i) A very rigid real wage with respect to unemployment rate (β = 20).
(ii) A rigid real wage with respect to unemployment rate (β = 3). 
Empirical results
The results from the above simulations on the main variables appear in Tables as percentage changes from benchmark, except for the unemployment rate, in which case changes are also expressed as percentage points.
Macroeconomics results
The impact on the main macroeconomic variables appears in Table 3 . The variables displayed are Gross Domestic Product (GDP), real wages, employment, unemployment rate and welfare (the Hicksian Equivalent Variations index). Panel A offers the impact of the actual levels of ICT Capital Stock growth for the period 2005-2014. Panel B displays the impact of a 1 % change in the ICT Capital Stock. Both cases are expansionary in macroeconomic terms, motivated by the increase in capital endowment. Hence, we can forecast ex-ante that new capital can substitute labour and/or complement it. 
The effects on GDP, employment and welfare are going to be positive and unemployment would decrease. The magnitude of the changes is higher for the national firms' investment in ICT assets than for foreign MNEs investment. Also, the higher the wage rigidity, the larger the positive effects in employment, GDP and welfare. The change in GDP is addressed by changes in factor employment (i. e. capital and employed labour) and in factor prices. With respect to capital, its contribution to GDP growth through the expansion in capital endowment was compensated with the fall in the real capital rent. In fact, this price fall took place in Spain for ICT assets with respect to other components of GFCF (see Mas et al. 2015: p. 12 ). This is a worldwide effect due to the decline of the price for computer and digital equipment. With respect to labour, the GDP increases due to both the increase in employment (i. e. lower unemployment and leisure) and the increase in real wages. This overall positive effect in GDP is especially relevant in the scenarios with more rigid wages where the real wage moderation generates larger employment growth than with more flexible wages. Notably, the increase in labour productivity due to the new ICT capital always generates wage increases, although when wages are more flexible, the workers benefit more from wage gains, than from new jobs.
In order to disentangle the role of firms' ownership in the effects, the 1 % shock clarifies that the positive effect of ICT investment is always higher if it is a national firm's investment. In all scenarios, with flexible or rigid wages, with unemployment or with full employment, the positive effects on GDP, real wages, employment, unemployment rate and welfare are larger if ICT investment is accomplished by national firms. The main characteristics of the labour market (i. e. wage rigidity or flexibility) are relevant for the size of the effect, but not for the prevalence of national firms' ICT investment effects. The panel A showing the real 2005-2014 shock also displays a much higher effect of national firms versus foreign MNEs, but the asymmetric sectoral shock (i. e. the size of the shock is presented in column 7 at Table 1) could interfere in this result. From the comparison of the two panels another conclusion can be inferred: if real 2005-2014 ICT investment flows would be done by national firms, the gains for the Spanish economy as a whole (in terms of GDP, employment, real wages, unemployment and welfare) should be around twice the gains if the ICT investment is performed by foreign MNEs. The rationale is that foreign MNEs are more capital intensive, and the labour productivity gains derived from the shock are lower.
If we proxy the changes in employment for the Reference scenario with the data for Spain from the Labour Force Survey and National Accounts, we can conclude that a 1 % growth in ICT investment in all sectors executed by national firms would increase employment by 3649 jobs (0.019 %). The change would be would be 316.4 millions of euros and 307.1 millions, respectively.
Those results, even generated by simulation, support that the assertion "MNEs are not only outgrowing firms in all other industries, but also disrupting traditional patterns of job creation" (UNCTAD 2017, p. 159) would be true for the Spanish case, assuming that national firms are performing closer to those traditional patterns. Moreover, "although Tech MNEs are creating more employment as they grow, sources of corporate value are shifting from labour to capital" and "this [MNEs'] employment creation is (…) significantly lower than the increase in total assets" (ibid., p. 162) are compatible with our results. Even, the role of intangibles (see Section 2) is more prominent in large MNEs and "the focus is moving toward capital components such as intangibles and cash, which generate relatively little employment" (ibid., p. 162).
Microeconomic results
Next, we present in Table 4 he results across sectors for the two most relevant variables, namely, employment and output (in physical units) and we also analyse the goods demand side through final consumption (in real value). In order to interpret these sectoral results, it is necessary to take into account the constraints the model imposes on productive factors, i. e. labour is modelled under an unemployment rule in five scenarios and leisure can take place in all scenarios, but capital is assumed fully employed and specific at three levels: sector, ownership (i. e. national/foreign) and type of asset (i. e. ICT/Non-ICT). Notice also that in a general equilibrium framework the results can be driven by several forces which, in some cases, move in opposite directions.
We provide in Table 4 an overview of the evolution of both production and employment across sectors, with the Reference scenario, which uses a central value for the elasticity of wage adjustment (β = 1.5). The size of the real shock 2005-2014 is not positive for all the sectors, as seen in Table 1 . Electronics, Construction, Financial intermediation, and Activities auxiliary to financial intermediation share a negative ICT capital flow, although we have modelled for them a zero change to avoid the potential negative use of capital as input. Nevertheless, we do not observe a large positive nor negative correlation between change in capital (column 7 in Table 1 ) and change in labour at sectoral level (first two columns in Table 4 ). The non-weighted correlations are −0.14 for national investment and −0.15 for the foreign one. The overall effect is job creating (see Table 3 ) showing complementarity, but also those small negative correlations show that substitution is taking place. There are several sectors with negative effect on employment: Telecommunications, Renting of machinery & equipment and Computer and related activities. Moreover, Other business activities also has a negative effect on employment when the investment is performed by national firms. All those negatively affected sectors are related with Services. Those changes are explained by changes in productivity at the sectoral level due to the entrance of capital. The case of the homogeneous shock of 1 % change in ICT Capital Stock for all sectors also generates some employment negative effects more extended to Services sectors: Besides Telecommunications, Renting of machinery & equipment and Computer and related activities, also Financial intermediation and Activities auxiliary to financial intermediation have a negative employment change. In the same way, Autor et al. (2015) show for the US case that non-manufactures are more negatively affected from the incorporation of new technologies than manufactures since the 1990s. With the 1 % shock, sectors as Real estate activities, Energy, Beverages & Tobacco, Textile products and Air and water transport are the most outstanding as employment generators in percentage.
In any case, although the volume of factors, labour and capital, has decreased in several sectors, all the sectors present an increase in physical output production. This increase is larger in the sectors where employment has lowered (i. e. Telecommunications, Renting of machinery & equipment and Computer and related activities for the 2005-2014 shock, and the same sectors plus Financial intermediation and Activities auxiliary to financial intermediation for the 1 % shock). This means that the entrance of digital capital here would boost output with the collateral effect of reducing employment.
Finally, we provide some comments on final consumption, which is also reflected in Table 4 . There is a product demand effect. The lower prices involve a raise in real income, so there is going to be an income effect with new product demand which is going to generate additional labour demand. This increase in real income would be spent in all kind of goods: form low-tech non-tradables to the rest of goods. This effect is captured in our general equilibrium model. The gain in real income (as reflected in the gain in GDP) is going to expand final consumption in all the goods, both in the real 2005-2014 shock and in the 1 % shock. Gregory et al. (2016) also note that this effect depends on where the income is spent. The effect would be lower, for example, if foreign MNEs repatriate capital income to their home economies (see Latorre (2009) for an example of this type of effect of profit repatriation in a CGE context). We have assumed that all the income generated in Spain is spent following the Spanish representative household pattern of consumption, so most of the income is spent in national goods. Nevertheless, we can add a new insight: it is also relevant for final consumption what type of firm is generating the change in income. Results in final consumption for the 1 % shock display that the effect in final consumption is larger when the ICT investment is performed by national firms. The reason is that the change in goods prices benefits more the consumers when the investors are national firms.
Next, we check the role of wage flexibility in the sectoral employment creation according to the six scenarios specified, from the most rigid framework to the most flexible wages, including a full employment scenario. Tables 5 and 6 reflect the sectoral employment effects when the ICT investment is performed by national firms (Panel A) or foreign MNEs (Panel B). Table 5 groups the effects for the 2005-2014 change in ICT Capital Stock and Table 6 for the 1 % change in ICT Capital Stock.
The sectoral employment changes reported in Tables 5 and 6 convey a multifaceted picture. There are wide sectoral asymmetric effects, with sectors positively and negatively affected. With respect to Panel A in Table 5 , firstly, the more flexible the wages, the more sectors are negatively affected. The higher increase in wages (see Table 3 ) for flexible wages scenarios is behind this negative effect. It is noteworthy that the negative effect is highly concentrated in non-manufactures. For example, the negative employment effects for the full employment scenario are in nine sectors out of 25 (from the most to the least negative effect): Computer and related activities, Telecommunications, Renting of machinery & equipment, Other business activities, Energy, Wholesale and retail trade, Primary goods, Other transport and Food products. Note that most of them are related to Services. Secondly, not only the number of negatively affected sectors increases with the flexibility of wages, also the size of the negative effect rises (and it is reduced for the sectors positively affected). Thirdly, the sectoral range of the changes also decreases with the flexibility of wages, with a lower variance of the results. Finally, Panel B in Table 5 Table 6 provides new insights on the relevance of firms' ownership. Firstly, the sectoral variance of the results is wider when the ICT investment is performed by MNEs with larger negative and positive sectoral effects. And secondly, the number of negatively affected sectors is smaller with foreign MNEs' ICT investment with flexible wages and tends to be larger with rigid wages. The scenario with very rigid wages shows 4 sectors with negative change in employment, while the very flexible wages scenario (and the full employment scenario) has 7 sectors with lower employment. In Panel A, with national firms' ICT investment, the scenario with very rigid wages shows 3 sectors with negative change in employment, while the very flexible wages scenario has 9 sectors.
Sensitivity analysis
To conclude, we present a sensitivity analysis of the previous results. They are presented in Table 7 , for all the macroeconomic variables (namely, GDP, real wages, employment, unemployment rate and welfare). They are related to the reference scenario (β = 1.5) for both national firms and foreign MNEs' ICT investment; the full sensitivity analysis for all variables and scenarios is available from the authors upon request. We perform a change in some elasticities appearing in the model, which are alternatively doubled and halved. Those elasticities of substitution are considered the most relevant for the results and they are: (i) between non-ICT capital and the composite of ICT capital and labour; (ii) between labour and ICT capital; (iii) across final consumption goods in the welfare function.
All the results are robust in sign with respect to the elasticity of substitution between non-ICT capital and composite of ICT capital and labour, and show that the higher the elasticity, the larger the positive effect. With respect to the elasticity of substitution between labour and ICT capital, all the variables except employment are robust in sign, but all show the rationale: the easiest is to substitute directly ICT capital for labour (i. e. the larger this elasticity), the lower the effect in labour. The pattern of the results is also maintained in this case (national firms outperform foreign MNEs). Finally, the elasticity of substitution across final consumption goods is robust in sign and it seems to be the change in elasticity the least relevant for the results, although there are small quantitative changes. All in all, the patterns identified in the simulations are still present despite changes in elasticities. Investment in ICT capital may crowd out labour in some sectors, but the aggregate impact is clearly positive for employment creation.
Concluding remarks
The aim of this paper is to measure in isolation the effects of digitalization on employment and other economic variables according to firms' ownership (i. e. national and foreign MNEs). We perform a general equilibrium analysis of increases in ICT investments using different specifications for (imperfect and perfect) labour markets and allowing for the substitution between labour and ICT capital in both types of firms. Our computable general equilibrium models differentiate the cost structures of the two types of firms assuming that capital is specific. The models break up the capital into ICT and non-ICT. Due to the lack of data to divide the ICT investments according to firms' ownership we performed two extreme simulations: (a) National firms are responsible for all the new ICT investment; (b) foreign MNEs are responsible for all the new ICT investment.
The growth of ICT gross fixed capital formation in Spain has been larger than the growth rate for other investment assets in the last two decades and also higher than in other Western countries. We perform the simulations of the increase in ICT investment with its real 2005-2014 data and also with a 1 % homogeneous sectoral change. At the macroeconomic level, some conclusions have been derived from this exercise. Firstly, the macroeconomic effects of the ICT capital growth are positive in terms of GDP, employment, unemployment rate and welfare, as expected. Secondly, when the ICT investment is executed by national firms, the gains for the Spanish economy are around twice the gains than when foreign MNEs are the investors. The higher capital intensity of foreign MNEs with respect to national firms is the main force (but not the only one) driving this effect, and this result reinforces the idea that ICT investment is changing the pattern of job creation (UNCTAD 2017). Thirdly, the role of wage flexibility with respect to the unemployment rate is quantitatively relevant. The higher the wage flexibility, the larger the increase in real wages after the ICT capital growth and, consequently, the lower the employment creation. This increase in wages is also predicted in other approaches (e. g. Wolter et al. 2016) .
The model also allows to observe some relevant results at the microeconomic level. Firstly, the sectoral employment does not expand in every sector. Despite the aggregate job creation, some sectors lose because a substitution effect between labor and capital prevails. Nevertheless, all the sectors improve their output production levels. The higher the wage flexibility (leading to more sizeable wage increases), the larger the number of sectors negatively affected. Secondly, in general, the sectors losing employment are related to non-manufactures. So, this result would be in line with the job polarization hypothesis. Thirdly, who is the investing firm (i. e. national or foreign) is relevant also for final demand. The ICT investment according to type of firms impacts the prices of the goods in a different way. Given the pattern of consumption, if the ICT investment is done by national firms, the change in goods prices benefits more the final consumers. Finally, the national or foreign character of the firm also affects the variance of the changes in sectoral employment. Foreign firms generate less job creation in those sectors growing in employment and more job destruction in sector having job losses. Again, an important force explaining this result is that foreign MNEs are more capital intensive, in general, than national firms operating within the same sector.
The CGE approach has limitations. Its walrasian structure in an ArrowDebreu framework does not incorporate a stochastic validation. Although some advances have been done (i. e., Dixon/Rimmer 2013), it is a hard task to accomplish in this type of model. The role of some exogenous parameters is also key and the lack of econometric estimations can condition or even bias the results. The way to minimize this is to check results through a large sensitivity analysis. We incorporate it in Section 7, although only a very small number of results from our full sensitivity analysis have been included.
From the previous results, some policy recommendations on ICT investment emerge. In order to enhance this job creating and welfare improving investment, note that the best outcome corresponds to investment performed by national firms (or the less capital-intensive firms). Nevertheless, even in an expansive framework, there are a few sectors negatively affected, normally more related to Services. Some short-term employment adjustment seems very plausible, so active labour policies should be addressed to mitigate this adjustment.
Production
The nested technology presents constant returns to scale and a competitive pricing rule. Given that the top nest is a Leontief function, the zero-profit condition for sector i is: where, according to the nested structure, the unit cost of the value-added composite produced by sector i is a nested CES function of three factors: sector and firm specific non-ICT capital, sector and firm specific ICT capital and labour: 
We assume that firms maximize profits and choose the optimal mix of national and imported goods, and that of domestic sales and exports. This leads to the following zero-profit conditions: 
Consumption
The final demand functions are derived from the maximization of the representative consumer's nested welfare function:
subject to the budget constraints: 
The solution to the maximization problem yields the demand functions for savings, leisure, and final demand.
Public sector
The income of the public sector is given by: 
Factor markets
The equilibrium in the capital market is given in (7) and (8), and the equilibrium in the labour market in (9), with some restrictions related to the unemployment assumptions:
The full employment model does not incorporate the equations (28) and (29) and equation (9) has U equal to zero. 
